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th*  airvetw*  la  of  lafperUat  slCBtiflaaMa.  Its  aelvtloi  tgr  appraclMtlw 
Mtkeda  hat  graai  adraatataa  la  aafiaaarlac  ealealatloaa.  Bara  «aa  aagr  rafar  %• 
tba  aofk  af  C.  C.  llaaaaaBpaa,  A.  P.  faalabaa  [ij  aad  P.P.TMdhkefV  (^2^  • 

With  tba  high  aarfaea  taaparataraa  aad  tba  ralatiaaly  aatll  valaaa  af  tba 
baat  aalaaiaa  eaafflelaat  ablab  eeear  daiiag  fllghta  at  high  altltadaa  aad  blgh 
■aab  aaabara,  tba  baat  radlatlaa  plapa  a  algaiflaaat  rola  aad  abaald  aat  ba 
aaglaatad  fj  J  • 

la  tba  praaaat  papar  tba  aoB^-artatlaearp  taaparatara  flaMa  la  tba  atraetara 
of  aa  alraraft  ara  araaiaad  taMag  lata  aoaaldaratlaa  tba  baat  radlatlaa  aad  a 
ooBvaalaBt  aathad  for  paaatleal  aalealatioaa  la  glaaa.  Iba  prahlaa  radoaaa  ta  tha 
apprcolaata  aelatloa  af  tba  baat  aaadaetlea  aqaatlea 

{ ax-  ^  >  '  di* )  ' 


altb  boaadaiy  aeadltlaaa 


aad  tattlal  aaBdltleaa 

1  s  f  (3) 

Tba  adlabatio  aall  taaparatara  la  aqaatlea  (2)  la  dataraiaad  frm  tba 

feiMUi  ( j  ^  0.18  .M-). 

Im  tba  aanraa  of  tba  aatira  paiiad  of  tba  fUgbt  tbla  taaparatara  wlU  aaiy 
aoa-Uaaarlp  altb  tlaa.  Boraaaart  Burlaf  aaa-ataa^y  flight  prBgraaa  tba  aaafflalaat 
af  baat  aalaaiaa  Itaalf  rapraaaaia  a  aaoplaa  fbaatiea  dapaadlag  aa  tba  iMb 
aobbar,  l«a.f  tba  tlaa»  tba  Bopaalda  wm^btr,  aai  aa  forth* 

1*  SB  SOLVnOB  Of  IB  IBiT  COBIOCTIDB  BQDATXOf  R  FXIX1B  DlffBMIOtt 
III  oHar  ta  aat  tha  haat  bolaaaa  agaatlaa,  w  dltlia  tha  tlaa  of  flight 
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iato  iaterral*  H*  ateMtaN  la  alaa  dlaldad  crMa  lata  a  aarlaa  af 

flalta  Mall  parailalav4pada«  tka  aaataa  faiaia  of  ahlak  ara  ta  ba  aalaalatad. 
Lat  aa  raalaa  fba  laala  aaaaiftiaBa* 

1.  Bataaaa  taa  aalaalatad  palaia  tka  taaparataia  ia  llaaarly  dapaadaai  aa 

tlaa 

—  (i-l.  2.  3).  (;) 

Thna*  it  aay  ba  aaaaaad  that  tha  aacaat  ef  haat  paaaing  tbroe^  aa^  alda  af 
a  parallaloplpad  daalac  tlaa  ia  paapartleaal  ta  tba  arithaatla  aaavafa  af  tba 
taaparatara  gratfianta  at  tha  baglaaiag  aad  aad  af  tba  iaaraaaat  cf  tlaa 

2«  Aa  iaaraaaa  ia  tha  haat  aeataai  af  a  parallaleflpad  is  prapartlBaal  ta 
tha  Iaaraaaa  la  tiaparaf  ■  at  tha  aaaUr  palai  af  that  alaaaaU 

3.  Tba  ft^siaal  aaaataata  of  tha  aatarlal  ara  aaaaaad  iadapaadaat  af  tha 


4*  Withla  aa  lat  anal  af  tlaa  aT#  Iba  adtahatia  sail  taaparatara  tha 
hast  aalaaloa  aoafflaiaat  ac  •  aad  tha  aarfSBa  taaparatara  to  ava  liaaar  fbaatidha 


af  tha  tlaa. 

Tba  laataat  ia  tahaa  as  tha  aad  of  a  pasaiaas  SaaraaMt  of  tlaa*  far 

alaplieltj  ia  tba  badaaiag  aa  ara  daaalapliV  a  ida  lHaaailid  haat  balaaaa  aqaatiaa. 
Ut  aa  eaaaidar  tha  Ufar  aa  ttw  aarfSaa  af  tba  atsaetara  teaabad  tf  nparsoala 
flaa* 


Aa  a 

eeaffieiaat  a 
iatarral  AX 


«f  IwrU 


(5) 

(6) 

tf  Ufsr  af  flaa 
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i«  ih«  vinetBr*  threoth  uva  ^  T  Auiai  Zt-  i» 

AQ  =J'  s.\,:^.^  —t)\FJ-.  (Sj 

S«b«titatlBf  •qMtiooa  (9)*  (6),  mnS  (7)  late  (8),  after  lotecratlnf  «•  eMala 


/  J 


\  \  _  f  . _ !- ''  _ 

0  J  ‘  V  -  '  ^  I 


_  ,  i  _ 2.  t ^  /  —  I  * _ .  _  *  ■  * 


I  i 
0  /  \ 


:-Ar. 


(3; 


The  best  lota  bj  redlatlea  free  the  erterBtl  torfeoe  late  tpeee  dorlag  eTvUl  be 


jQ_. - C^iA;-  j  :,J-. 


(10) 


SabttltetlBC  (7)  late  (10),  after  latefrell  ag  at  gat 


^Q. 


■-C-A-.AF- 


i.i) 


By  aa  appropriate  dlvlaloa  of  the  tlaa  of  flight,  the  laltial  taaparatare  te.4 
la  each  laterral  will  alwexa  bo  algnlfleeatlj  larger  tbaa  the  differeaea  betweea 
the  Initial  and  flaal  teaperatarea  (  to,ji^,  ~  ^oji  )•  Tberafera  it  la  peaalhla 
te  na^leot  teraa  oontelnlng  (  )*  ahera  a^  2  and  ratala  aatiafaeteajr 

mocnrmey,  ATter  doing  thla  eqnatlea  (11)  alapllflaa  and  A  Qg  dapaada  liaaeily  aa 
tba  aeoghV-for  i 

^Q.  =  _  -  F.  *).  ( 12) 


It  it  not  dlfflealt  te  aae  that  the  Icogor  tba  iaterrala  of  tiao  A't 
tba  greater  the  laaeeamey.  Tba  prablea  of  awalnatlac  tba  error  will  be 
ezaalaad  later. 

Aeeordlag  te  tba  flrat  aaaoapiloa,  tba  aataait  ef  beat  paaalag  tbrooi^  tba 
aorfaea  ef  eaa  Itgrar  late  aaethar  la  a  aelld  daring  tlaa  aZ  ia 


2 


/.  a—  < > 

I,  Jt  ixJ,  * 


~  *<■!■).  *->-l  1 

Aj»  J’ 


(13) 
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For  ih«  mrfsM  Itjmr  •• 


L  i-t 


lx 


(U) 


TtM  laarMM  1*  th*  lM*t  oeatalaad  la  tha  toIiim  bsiaf  oalaolatad  aqoala 


n^X^Fit ,  ^  :— A.,*)-  llj) 

Ob  tha  Bturfaea  la  aeotaat  vlth  tha  auparaeala  floa  tha  baat  halaaea  aqoatloB 
for  tha  alaaont  ^xA7  baooaaa 

AQ  =  iQ.-r-^0.--^0.v  (16) 


Sabatltatlac  (9),  (11) »  aad  (14)  lata  (16)  aad  raarraagalaCf  aa  obtala 


( 1  +  -h  Fj.  =  F„/,.  *  -f 

(1  -  2H,  -  F,-i-  2R)  2  ,). 


//,  =  Bi,F„.  Blj: 


-'a  a.  \ 

vv--^) 


lx 


W.  =  Bi.F„.  Bi.. 


rs  9  V 

V  3  6 


/?  = 


0-<9 


(17) 

(IS) 

(1^) 

(20> 

(21) 


■baa  tha  pelat  aalaalatad  la  leeatad  aithia  a  boaogaaaoaa  aolid  atruaiaraf 
tba  baat  balaaaa  aqaatlaa  takaa  tba  folleaiac  fc 


S 


AQ'=AO;-|-AQ-. 


(22) 


iO'i 

=  4- 2  - 

(23) 

•iO- 

= - Ul  t  —  >!•  *  4"  i.  2  —  t-  l)» 

I’i  c 

(24) 

IQ'  -<..*)• 

(25) 

Sttbetitatlng  (23),  (24),  aad  (25)  into  (22)  and  rMiruglax  «•  f«t  tbm  bMt 
balaiM*  •qiwtloD 

-F,/,.,  ,  FJ/. 

=- Fo', — 

Tb«  probl«a  r*<)ao«i  to  the  solatloa  of  •  oyotoa  of  llnoor  olfo'arol*  oqiaoiloes 
coaprlsad  of  •<iTi«tionc  (17)  mod  (26)  i 

*=^2  I 

*- 1  4"  »t1  "I"  *1 1  I 

I  4- *-  ».l  }•  (2<) 


<^/.(/t-l)  ^i-l.  i-  1  4- *.  I  ft,  I 


tborofer*  tbo  tjwfltm  is  sssilj  sslvs4« 

la  ths  esss  of  thrss-dlBsasloasl  tsi^rstars  Molds,  *o  baas  la  plaaa  of  OLl) 

tbs  foUoslac  boat  balsaoa  sqaatioa  (Mgara  la)  for  tbs  nrfMs  Isvar 
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(30) 


2  ( 1  -r  2  W,  4  F,.  -r  Fc.  -  -  F^  ^  ^o.  *  -  j  -  2Fo,/ 

*-i  Fj,^-/j  ^ ,  F„jf^_ 4_j  rK,/s 

:  2  ( 1  4  2/?  -  2//.  -  F.,  -  F,,  -  F^,,)  r ,  ^  -f  2F„,  /,.  *  4 
—  FuA.  *  —  F^/^,  *  T  F.  J-  t-r-i  A. t 


^  J 
‘  0^2. 


wb»r9 


la  tb«  CAM  «li«r«  th«  polat  aalmlatad  la  loeatad  vitbla  a  hoaogaaama  a«lid» 
tha  haat  balaaea  a^oatloa  aaj  ba  arlitaa  la  tha  fora(fl(nra  lb)i 


2 (1  T  F^i,  ~  Fj,.  —  F^j) Fy,/;  — 

~  F„;/j  j .  j  —  F„_.r^_  t- 1  “  F^/-,  *. ,  —  Fjj/f  *» )  = 

=  2 -  F„,  -  Ff,j  —  Fto)  / .  *  4  Fo;  (<j.  *4  '...*) 4 
4  F oj  (/j.  4  T  ^4,  i)  T  A  T  ^6.  *)• 


(3;> 


At  tba  aaaa  tlaa  tba  problaa  raaolaaa  lata  tba  aolatloa  of  tba  sjataa  of 
« 

liaaar  algabrala  aqoatloaa  (30)  and  (31)*  Tba  anabar  of  aqaatioea  la  aqaal  to  tba 


Figure  1 .  Sketch  of  the  divlaion  of  the  atnicture  Into  parallelpiped  elements, 
a)  for  the  surface  of  the  structure,  b)  within  the  struetora. 
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Th«  •quatieos  la  finlt*  dlffaraM**  eoosldarad  Sa  our  aork  ban*  alt  pelot 
■7BMtT7[it]  ,  eonaaquMitly,  It  la  poaaibla,  la  taaaral,  to  aalaat  tha  iatarrala  of 
tlaa  at  for  aqaal  iooraaaBto  Ax^  to  ht  alcalfleaatly  largar  thaa  la  tba  aatho4 
of  A.  P.  faalehaTftbaa  tha  azpaadltora  of  tlaa  la  ealaalatlaoa  alll  ba  laaa* 
CalenlatloB  of  a  anaorleal  axaapla  thoaa  that  tba  raaolta  b^  tba  praaaat  aathod 
mgroo  wall  with  tha  reacdta  hf  tha  aathod  of  A.P.  Taalabaw  (flfara  3)»  Za  tha 
axaapla  axaaioad  tha  aaTiana  paradaalbla  aa^tada  of  tlaa  waaAZjl^J  2.56  aaemda 
for  tha  aathod  aantlonad,  bat  with  aaa  of  oar  aathod  tha  aaaa  raaalt  aaa  ohtalaad 
b7  ohooolnc  tha  ealeolatad  iatarwal  of  tlaa  to  ba  ^  aoaanila. 

2.  msmilATIOf  «P  BMOB 

Wa  will  dataralaa  praolsaly  tba  arror  ihJeh  orl^laataa  fTca  aa^aatiag 
tarao  wltb  (  -  t^,  ^  (a^  2}  la  foraala  (U).  If  thaaa  tana  ara 

ratalaad  thaa  tba  baot  balaaoa  aqnatloo  for  tba  oorfaea  lagrar  baooaaat 


-  k  ~r  t-ri)  ^ j'K^u.  *  “  *  ;)  (^1,  *  "T  j)i  ■ 


fa  a: 


that 


2  c«tit 

^32) 

6 

V  *-»  ~  h.t 

K.k~  k- 

(3J) 

Aftar  aabstltatlag  (33)  lato  (32)  aad 

I  -f  2«* -r  ^  (1  - -57?  -  2 W, -!- F,) « 


2Ji 


t 


2Jtt. 


(34) 


a.« 


If  tba  hlgbar  ardor  taraa  ora  aa^aatad,  *a  ahtala  tha 

(1  +  4/?-i-2//,-r  Fo)  )  - 

- 2(//. -f //a+T? (/,.*-!- V^,)- 

V.* 

Tba  arrer  la  tba  dlffaraaaa  hataaaa  tha  aalatiaM  of 


(35) 

(34)  aad(39)i 
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(36) 


^  “  ^0.  * » J  *-rl  ”  )  ^0.  *• 

3.  CALCOUBD  mmi 

After  90  Mooada  th«  kireraft  MMlsratef  froa  1^2  to  9  at  u  altited* 
of  ISfOOOa.  Th«  ealeolktloMl  aodal  of  tb*  orea»>f*«tloa  of  tbo  viag  lo  ohoaa 
la  figaro  3.  Tho  bathing,  flaaga,  and  «all  art  ateal,  gs  7900  kg/a, 

^  s  39  kaalAr**)  aad  C*0.11  koalAc  *C» 

Tbo  varlatloa  of  tbo  boat  oaiaaleo  eeaffielaat  vlth  tlaa  la  ahon  ia  flgara  2. 

kcai 


Figure  2.  Variation  of  the  heat  emission  coefficient  with 
time  of  flight. 

Tho  graphs  of  tho  teaporatero  dlstrlbutloaa  la  tbo  eroaa  aaetien  at  oarleao 
laataata  of  flight  aro  ihona  la  figaro  3* 


Figure  3.  Temperature  distribution  in  the  cross -sectioo. 
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Th«  variation  la  iaapcratvr*  ea  tiM  aarfa««  dorlag  th«  aoorM  of  tbo 
1»  abom  la  flfuro  4* 

la  fisuros  3  aad  4  tbo  doobod  llaoo  eorroopoad  to  eolealatieao  with  a  aora 
▼oloo  for  tbo  dogroo  of  bloekaoaa,  ^  s  0. 

la  flgnro  5  tbo  aloo  of  tbo  orrors  eorroapondl ng  to  warloaa  walooa  of 
tbo  inoroBoat  of  tlwo  £ir  oro  glwoa.  Froa  ponigrapb  2,  Itia  owl^at  that  tho 
orrora  bjto  oonooetad  wltb  tho  laltlal  toa|)orataro  dlatrlbotloo.  Xf  wo  aaoToO 
for  tbo  initial  tlaa  (l.o.  at  tbo  bagioniac  of  tbo  aoooloratioa  )  tboa  wo  obtala 
tbo  aolld  earro,  bat  if  90  eooonda  la  nnod  tho  daabod  eorwo  raaolia. 


to  wo  CO  ^OO  ^50  TTbcc 
Figure  4.  Variation  of  surface  temperature  with  time  of  flight. 


10 


00KLD8I0I 


ffb«a  •oeeaatlac  for  tb«  h««t  rodlatlw  la  tb«  datanlaatlw  of  tfco  aea* 
■totioaozy  toaporataro  flolds  of  tbo  otraotaro  darlaf  aoa-«toa4y  profraas  of 
flight  tbo  prepoood  aotbod  it  ooeroaioat  for  oaglnooriag  oolealotloaa* 

Tho  ooleolotod  iatorvols  of  tlao  aojr  bo  eboaoa  to  bo  olfaifleoatly  grootor 
thoa  la  tbo  aotbod  of  A.P*  Taaldior. 


Figure  5.  The  error  corresponding  to  various  values  of  the  Incre¬ 
ment  of  time  LT, 


knmu 

■otbed  of  A.P.  foaioboT  aaooaatlag  for  radiatioa 
Tho  boat  boloaoo  oqaotiea  for  ciao  diaoaoioaal  toi^orataro  flald  io«  for  tte 


oarfaeo  lajort 


(a) 


y  1  -  J2IL 

\  a-tt-T 


-  t  ,  - 


2iC, 


0 ,  t 


At 


A.- 

''i'- 


C:ix 


2jAt  , 

ajc-  •;*  ■  aac-^-' 


In  erdnr  to  dotornlM  ,  o«  umm  sooeoaolvo  nppraclMtlcna.  Xaltlallj 
wo  find  ofjuotloo  (o),  thli  donotod  hf  .  Tben  oo  ro]4*M 

In  tbo  radiotlon  torwo  la  fornula  {•)  by  tbo  aworofo  ionporotnro  t  <«•  ^ 

wo  obtain  1*  tbo  ooeond  opproxiootloo  of  tbo  tonparotoro* 

AnolofiNMlx,  no  ooatlmia  ealeolotlons  ontll 


/•i, 


Tbo  trim  pondaolblo  also  of  tbo  iaterwal  of  tlno  la  dotondaod  by 
tbo  fonnilma 


0^ 


a 


AjtCl  "’"cjit" 


(6) 


1  2 
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lOOZLIBRlUH  BQCiTlOiS  FOB  STATIC  KIDIM  AMD  FBI  TIBIUTIOf 
or  nSEGOLARLT  SHAPED  aVTllXnJI  PUBS 
B.I.  SlTthikov 

ItotkoBa  fer  ealettlailng  bandiaf  is  eaatilavar  plataa  bava  baaa  davalepad 
rathar  racantlp,  aalaly  la  aonaactloa  altb  tba  porobla*  cdT  tba  daforaatlea  af 
abort  winga.  ^latlooa  of  tba  koora  blharaonia  baadlag  aquatioa  for  raataagalar 
cantilaTar  plataa  of  aonataat  tblokaaaa  aad  eartala  ala^a  atraaaaa  baaa  baaa 
obtalaad  by  tba  grid  aatbod  aad  fay  tba  anparpealtiea  aatbod  £5»9»19j  • 

Caleolatleaa  ahoa  that  tba  Intagratiae  of  tba  blharaoalo  aqoatloe  altb  alzad 
botmdary  ooodltlotui  la  attaadad  fay  laordiaata  Batbaaatlaal  dlfflaaltlaa* 

SlgBlfieaat  prograaa  baa  baaa  aade  thaaka  to  tba  aaa  of  varlatioeal  priaelplaa 
abieb  paralt  tba  eraatiaa  of  aoffleiaatly  affoetlaa  appreslaatioa  tbooriaa  for 
oalealatloaa  of  oaatilaTar  plataa  £2,  $3  aad  paralt  ebtalalag  atnaariaal  raaalto 
by  dlraot  oatbods. 

Por  the  goal  of  atodylng  tba  aotioa  of  a  plata  aadar  atatle  aad  dyaaaia 
atraaaaa.  It  appeara  tba  aaa  of  tba  Lagraaga  Tarlatloaal  aqaatloa  la  Boat  affaotlTO 
Tba  rapra  BaatatioB  of  deflaetlaoa  la  tba  eroaa  aaetloaa  of  tba  j^ata  parallal 
to  tba  attacbad  alda  fay  tba  aaa  of  a  poaar  aarlaa  laada  to  a  ona  dlaanaloBBl 
fanotlao.  Tarlatloo  of  tba  lattar  glaaa  a  ayataa  of  ordlaary  dlffaraatlal 
aqaatloDB  aad  boaadary  eoadltlona  ablob  aj^rcoclaataly  daaerlba  tba  baadlag  of  tba 
plata.  Por  a  aarlaa  of  eaaaa  of  praetioal  lapartaaoa  tba  poaslbllltlaa  of  tba 
ayataa  llaltlag  ta  lev  ordar  aad  of  obatlalag  adlatleaa  for  oaatilaTar  plataa 
vltb  varlona  planar  eontoars  vaa  abovD|4,  6,  tQ  •  Hovarar,  tbit  Bathed  la  laaa 
aultablo  for  ealeolatloaa  ea  eaatilorar  plataa  of  Irragular  abapa*  1.0.  aa  idtaa 
tba  froo  and  faatoaad  aldoa  art  net  parallel  to  oao  aaotbor. 

la  the  praaoBt  artlolo  the  aatbod  doaorlbod  goaorallMa  am  the  OMO  of  tba 
baadlag  of  eaatlloTar  plataa  altb  atrall^t  sldoa  arMtrarlly  pUead  witb 
raapaet  ta  eaa  aaotbar.  Tba  aqallibiiaB  aqaatloa  of  a  aaatUarar  plata  altb 
atatla  baadlag  aad  fraa  albratlaa  la  darlaad  by  tba  tariailoaal  aatbod.  It  la 


aaMuwd  that  th«  ^at«  la  heaotaaaoua  aad  laotrepla  aad  that  its  dafcraatlaa 
fallawa  Book's  laa.  It  la  alae  aaaoaad  that  tho  thaaiT  af  bandlag  far  this 
rlflB  ^atoa  la  a  earreet  hTpothoaia. 

1.  TBUSPORMATIOI  OF  IBl  BMBIBT  BQOmOf 

■o  aro  ooaaidarlac  a  tatrafonal  plata  of  aariahlo  thiokaasa  rlcldlj  fasionad 
oo  oM  aido.  Vo  rafor  to  tbo  plato  kj  a  roetaacolar  mftttm  of  oaordloatoa, ^  , 

^  ^  (fig,  1).  Va  oat  tho  orlfia  of  tho  aoordlaatos  la  tho  flsod  aldo,  tho 

plaaa  C  t  ^  aoeforalag  alth  tho  eonior  ^aao  of  tho  plato. 


,-ij  ■ 


=1  f) 

Figure  1. 

Vo  aso  tho  ooa-osaootlal  eondltloa  that  tho  ahapo  of  tho  plato  (logieBA  ) 
la  doflaad  hp  atralght  llaoa.  Iho  aqfaatleaa  for  tha  loocitodlaal  bonadaiy 
llaaa  ara  (J^  ),  and  ^  aad  for  tho  traaforoa 

ahoro  1  la  tha  loagth  of  tho  plato  aloaf  thoifootia. 

Lat  aa  iBaostlgato  tho  aqalllhrlaa  oqvattoa  aad  bcoadarp  coodltlooa  fVr 
traaravao  haadiaf  of  tho  plato  aolac  tho  UfroBgo  oariatSovVl  ospatlaot 
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2n—e(3->i). 


(2) 


is  if  «•!!  knofwafljf  Um  potsntlal  *mrtr  if  difMMtloa  of  tbo  plat*  !• 

<9  =  J  J  -f  +  2(1-!*) »?,]  dldr,.  (3) 

U  ^ 

vhor*  W  li  thi  dofloetloa  lo  tbo  dlroetioa  of  tbo  ^  urii,  )» 

li  thi  looil  eyliadrloil  rlfldlty. 


»yf)  li  thi  locil  thlfltrpiiijy 

aro  thi  Dor«il  aodiiliii  of  ilistleltp  iad  traovorio  eoiffioioat  cf 
diforaitioa, 

thi  latifritloB  ixtiadi  OTir  thi  id)oli  rogloa  Si  ,  Thi  vorfc  of  tho  oxtiml 
ititioBiry  fwoi  li 

A=J'J'p(:,  Tj-W'dt-dT„  (4) 

e 

vhiri  p(4  1*  thi  tranvirii  loadinc  par  mit  araa, 

illcnlaf  a  naw  ayatM  of  coordiaatoi  x»  y,  a  ae  that  la  thla  ajataa  tba 
riflao  A  has  thi  ahapo  of  a  trapaBold(  rtglio  Q  la  flfura  lb)  attaobad  hj 
Iti  baii  of  lin(th  b.  Obvloaaly  thi  traaafanatlaa  of  eoordlaatoa  aagr  ba 
ixpraaaod 


ahiraopoa  It  folla«a  frea  ralaHaaa(l)  aad  (5)  tbit  vitbla  tba  llaita  of  tha 


*1  (>)<•*<  >3  (j'). 
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«hM«  z  «  bgCy)  aad  z»b^(y)  mn  ttm  •qaatlens  of  th»  IImi  uA 

^sOCj^Cf)  la  th»  M«  tfwUm  «f  «iiw«1naUa. 

■•  parfen  tha  aobatltatlea  af  aarlablaa  hf  faraola  (5)  la  tha  aoqaaaalaaa 
far  tlM  potaatlal  aaargp  (3)  aad  tha  aerh  daaa  tip  tha  astanal  fereaa  (4)*  If 
aa  lairadaoa  tha  aotatlaa 
J(  w  ^  —  tha  alaagatiaa  par  anlt  laa|tt« 

pjr  tf  ^  - *  tmptr  paraaatar  eharaetarlalng  tha  apaalaf  af  tha 

appealta  aldaa  (7*0  aai  ja* !)• 

1 

4  = - , 

i-?jt 

,  .  .  (6) 
a  =  to  Vu  —  .O' 


aad  aaaaldar  that  tha  Jaachiaa  of  tha  traaafaiaatiaa  la 


"U.j')  * 


thaa  flaally  aa  ahtala 


3  =  -^  J  j  -  4  (1  -T  H=)  us’/  (13^^  +  -i- 

«  *.</» 

^  2  (tf-+i*)  4  (u-  - SV.*  (»•,  +  25so,^T3j,  )  - 

« 

—  4a5i*  -i-  iSET^)  -f  y  </jc  •  <y.  (7) 

»  *.W 

A  =  hl  J  J  p{x,y)w—dxdy.  (8) 


ia-r,+xr,+  £x-r. 


(9) 


«)Mr*  ■*  (t)  !■  ••  nakaova  ftaaetlea  aatlaflflaf  tba  •ondttiena  ef  tha 

rlfid  faataalac  at 

C(0)-0.  (10) 

(Prlaaa  bar*  aad  latar  deaeta  dlffaraaiiatloa  7) 

Tba  foaetloa  azprasMs  tha  traavaraa  daAaailaa  aa  acta  7  ,  tha 
foaetloa  T|  rapraaaata  tba  dlatribotieo  of  tba  alaatla  danaatiaa  aaglaa  af 
tha  aaetloaa  j  m.  eoaat  ralatlaa  to  tba  j-aala,  tha  raaalninf  taraa  of  tba 
ebaraatarlM  tba  dafamatiaa  of  tha  ahapa  of  tha  traariaraa  aaetlasa  jsaeBat* 
Aftar  anbatitatlaf  tba  ana  (9)  iato  aqnatleaa  (7)  aad  (8)»  aa  abtala  tha 
follaainf  azpraaaloa  for  tha  total  petoatial  aaorcj  fhaetiaa  TT*  3~A  * 


abora 


I  V  A’ 


■i  a  in  M 

~  /w-/,  . )"  )") 

. 

~  1  n-..  y, -  nJ, y„  yj  -- 

I  JV 


*,(y> 

j.... J 

*.W 


(12) 


.T  /'•-O.  1 . 4  \ 

J,  •-.*«  U«-0.  1 . n]- 

•i  w 


(13) 
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2.  GSBIAL  EQDATXnS 


1h«  •eaditlea  for  BlalalMtloa  (2)  for  tho  fbaotlea  (11)  raqairao  fttaoiloas 
^ta  Mtlaf^  tho  oqaotiaa 


1 


(/n-=0.  J .  M). 


tram  abioli  aftor  latofratiea  bgr  parts,  takiaf  late  aeceaat  tha  boaadai7 
eeadltloaa  (10),  «a  obtaia  tho  systaa  of  ordiaary  llaaar  dlffaroatlal  aqoatleaat 


rwi  +«'V/, .  .r: - 2(1  >•; - 

af  (i 

^  (m  -  J )  (;/-  /.  ’y.  ^  , yj’  - 

I  -  2  ( I  -hw)  ii  A  (S/u  , )  K;  4  -i-  }.■  lyj^,  ^ ^  _ 

-f  (m  --  n)  ly,  j  -f  "»«•/... .  j  rj,  —  2/;/.'*  |//;  (m  —  1 )  «.  ,-j "T 

-2w/."jrt(/j-  l)Sy.  „  i)y.,„,.,. 

-  1)  (/I -  „)  =  />„  (^  =  0.  J .  N)  (14) 


aad  tha  nataral  beoadarj  eoadltlees  oa  tbs  fraa  aida  at  tha  plata  7«ali 


^{(1 +«¥/,„. ,r;  2(i-f.u-u;.(iy,,  ^  + 

^  I )  («--hu)>.-y,  =(i;  (15) 

„r;-2(i-r«-)«>.(3y„.„  .+«iy..«  „.,)K;^ 

-f  OT(m_i)(M-^,.)>,V.  ^  1  -2(J  ^-u’)«^(^/o.«,,-r 

-^«•/,. -f  ^  (w’-f  -y)  i?’-'-. — + ' 

4-w/jA  )'„-2MX=‘|/;i(/n  --  1)?^;  -r 

n(OT  -  uy,^,,,.,  ,1  —0  (16) 

(/I=0.  l^....  N). 
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Th*  order  of  tbo  oxatoa  (IX)  aad  tho  ao^r  of  Ikooadofy  eoadltloaa  (lO)^  (15)* 
and  (16)  aro  equal  to  4(B>  !)• 

In  tbo  gooaral  ease  aquation  (14)  baa  ▼arlablo  eooffloSmita  n  and 
J_  (  800  (6)  and  (12)).  If  (^=<1^  c  0  aod  tbo  ooaditiea  is  iaposod  that 

y„  ;=  Du.ytxdx^^o.  (17) 

»  «  •  ') 

tboQ  tbo  aystoa  divides  iato  too  indapendoDt  sjstona  dsaeriMag  tho  aotnoUj 
independent  gymmtrit  and  ytisyatrio  (rolatioo  to  tho  y-oxla)  aoroaoats  of 
tbo  plate. 

is  f— e  oo  the  exact  selntion  of  tbe  sjatoa  is  also  the  axaot  selatioa  of  tho 
bibamoalo  equation  for  tho  deflection  of  tho  j^ato.  In  tha  ease  of  a  fiaita 
noaber  t,  tbo  axaot  solntion  of  the  epstoa  of  equations  (14)-(16)  ehlj 
approxlnatolp  dosoribes  the  deflootions  of  tbo  ^ato.  b  partiealsrf  tha 
boundary  conditions  on  the  lonfitadinal  odgos  of  tbo  plata  axa  aat  satisfied. 

If  tho  solution  of  (10)  is  found,  then  tho  ooaponsats  of  tho  stress  . 

(7^  p  and  tho  principal  strossos  and  on  the  sarfaeo  of  tho  plata  aro 
detomiosd  by  tho  aoll-knooa  foranlast 


G^f■ 

/!=' 


_0.M, 

A- 


=1,.= 


(18) 


.b.r.  «  tb.  tt.  b—I 

/.J:=  — H^:v,)  = 

=  —  — ^  Im  (OT  -  1 )  A-.r"  -  2u>.  (mx^  's'  '  x^s  ■)  -i- 

“““  . 

^  =  -  D  —  (iw  _)  = 

=  -  —  2 1'" 1) ■2ui~imx”  -h r; ^ 

,v 

= (1  -  *  (1  -H)  - 
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—  //s-'A-rj. 


If  tb«  UBttraaMd  jUmt*  Mk*s  tr—  ▼ibraileat  wltli  MpUtate  v; »  tlwa 
tb«  Mtlea  of  tho  laortlal  fore*  la  •qalvaloai  to  tbo  aetiea  of  a  iraararaa 
■traaa  laAaaaity  of  «bara  f  la  daaalty  of  tba  aaiarial  of  tha  plata» 

aadV^  la  tha  aafolar  fraqttaaey  of  oaoiUatiaa.  Tha  oorraapoodlaf  aork  af  tha 
laartlal  foaroa  lat 

'iJiilr,  —  jlp'c  j  [* —  dxdy. 

u 


If  tha  azpaaaloa  (9)  la  oeoaldaradf  than  aftor  latofratiao  hp  * 


ahara 


,V  ,.v  1 

JIjiag  fiaii^  if 

"-rTfr- 

f/) 


(20) 


Raplaolac  tba  voik  A  la  tba  azproaaloa  for  tba  total  potoatlal  aaargj  (11), 

froB  eondltloB  (2)  aa  obtala  la  ^aea  of  tba  faaetloaa/^  la  tba  flrat  parta 


of  aqaatlen  (lA)  tha  faaetlaaai 


Cn  =  J.r  («=0,  I, 


•V). 


(21) 


Slaea  tha  lattar  dapaiid  on  tba  nakaeaa  fhDOtleaa  than  tha  ttjtXMk  of 
diffaraatlal  aquatlona  obtalaad  alll  ha  hoaogaaaoaa.  It  la  aatlaflad  at  apaalfie 
Taluaa  of  tba  paraaatar  Uf  abloh  ,  Ilka  tba  fhaetloaa  T^,  dapanda  os  tba 
looaticMk 

3.  SIHPLiniS  IQDATIOn 

Ut  aa  aaaoaa  that  tha  daflaetlen  of  tha  plata  aay  ha  apprcndaatad  alth 
aofflelant  aooaraej  hf  tao  taraa  of  tha  a^^aasloa  (9)*  Thla  aaau^pilaa 
i^laa  that  tha  dafonatiaa  of  tba  eoBtanr  of  tha  aaetioa  joeoBat  la 
laallkp  aaapariaaa  aith  tha  daflaotlaB  aad  tha  dlkloaaiiaa 
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dnrlAg  tornlnc  :i3i .  SIbm  mm  aaalagoa*  aappoaltloB  la  aada  la  tb«  baaia  tbacay 
of  rod  daflaetlea,  it  la  alaa^  poaaibla  to  aolaot  anoh  •  aaffleiaBtlj 
"lonfthjr*  plat#  that  tho  daaerfbod  aaaoaptlao  la  Joatlfiahlo* 

la  anppoaa  alao  that  tha  tMrtoaaa  at  tha  plata  ,  h«li^*l^«hj^  vhara 
hg  la  a  oharaetariatio  valtia  at  thidraaaa,  h^h|(y),  •  dlaaaaloolaaa 

funotlaaa,  and  tha  y-aala  la  aalootad  la  aadi  a  aaanar  that 

/  -  _ _ I  •  Jfct.Jl 

•:  •# 

Aaaoaiag  that  1*1  la  aqaatlaaa  (14}-'(l6)  aad  iatagratiac  tha  ^/ataa  (lO 
taklxkc  lata  aaoooat  tha  banadasy  eanditioBa  (16)  far  tha  eaaa  of  atatla  baadlagt 
aa  obtala  tha  aliqillflad  ayatao  at  dlffaroatlal  aqoatiaoai 


-  2  {] -u^  ^  i' -  i  -  2(1 -f X  “T 


-  4 


'1^—  -  (1  “T  ^’)  •  fc  .  "  .  r,  y-  I*. 

- 1 :  ^  r  -  2 1 1  ^  i;-)  u>.  (7;.  ^4, ,)  y;  r  - 

i  -  2  ( I  T  u  ')  W.  u,. .  -  ;)  —  4  yi-  —  (?Vo. .  -f 


(22  > 


-  -V,. .  -r  4  >";!=-  i'j  Pi<^y 


aad  tha  boaadary  wailltlw 

>'o(0)-yo'(0)=o. 

l(i-u=)y..or;-2«i(?4oK.:iy,.„r;))^.*o.  (23) 

1(1  ■^u-)y,Y;  -  2«i(M,.=  -4 »)  =0. 
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If  «•  mlenlct*  th«  eeapoMatt  of  th«  T»eior«  iid4li  ar*  aoraal  t«  tte 
leagitudldal  aldai  b^Cj)  aad  b^Cj)  for  |s:l  \gr  ferMlaa  (18)  aad  (19)  tbM  1% 
tana  oat  that  tbay  dlffar  fraa  saro  ihaa  aneh  eoapcaanta  ea  tba  ft—  aldo, 
aatnrallf,  abould  ba  absaat*  Tbla  la  a  raaalt  of  tba  baaio  aaoaaptloa  tba 
aloi^iflad  tbaary  ahleh  Igneraa  tba  boaadary  eoadltleoa  ea  tba  leofltadlaal 


aldaa. 


B7  patting  aquatlooa  (22)  and  (23)  «a  ebtala  tba  ralatieaa 

ahleh  aara  ebtaiiMd  la  rafaraaea  [bJ,  Ib  tba  partleolar  eaaa  ahaa  m  Oa 

a«0,  aadp  =  0.  fraa  aquatloaa  (22)»(23)  for  tba  ^ata  altb  rigid  traaaaraa 
oroaa-aaetloai  (Hal)»  aa  find  tba  baadlag  aqaatleaa 


aad  tba  aqaatioa  of  llaltad  taiatlag 


idiara 


- r 

12(1 J 

*.  C'/ 

J  - - -  r  h'x'dx 

12(1-;.-)  J 


125) 


altb  aeoarae/  op  to  tba  eoaetaat  footer  7=^  eoafera  raopaetlaaly  ta  tba 
aoaaat  of  laartla  of  tba  eroaa-aaotloa  ralatlaa  ta  tba  z*aatla  aad  tba 

aaotarlal  aoaaat  of  laartla  of  tba  aaotlaa  ef  plata.  Tba  pradaat  it 

*.  w 

abara  Ola  tba  aodalas  of  alaaatloltf  af  tba  aoaaad  tjpa,  T  la  tba  gMoatiia 
rigldltg  af  tba  traaaaraa  areaa  ■  aaatloa  la  talat. 

Tba  aaparatloa  of  tba  ayataaa  (22)  aad  (23)  laU  toe  aotaallj 


2J 


lad»p>Bdnit  grcap*  of  oqiuatlMta  (24)-(25)  MthMatlmlljr  iMllMtas  tba  arlgla 
of  tho  ula  «f  eolaoltea  «ltk  tha  j-axls.  Za  tlila  mm  oeodltlM  (IT) 

glvas  thm  loMtlM  of  tbo  eoator  af  af  tba  ^pa* 

ApfUjiag  tba  alaplifiad  thaaay  af  ^aiaa  (■»!)  la  tba  preblaa  of  fTM  ilbratlM 
flvaa  a  mjatmm  of  boaogoMoaa  Intagral  aqoatlMa  daaerlbii^  tba  baadlaf-taraioeal 

a 

▼Ibratloaa.  Ibasa  aqMtiooa  aay  ba  obtalaad  frM  aqoatloaa  (22)  aad  (23) 
raplaela//  and  p^  bj  a^  and  Oy  • 

Proa  foraola  (21)  aa  flad 


la  tlw  MM  abaa  ^  s  a  «  aad  tba  abapa  of  tba  traaaarM  aroaa-aaetloa 

af  tba  Plata  baa  tao  azna  of  apBaatiy,  tba  baadlaf  aad  toralMal  albratiaaa  ara 
antoallj  iadapaadaat,  aad  tba  ajtUm  of  aquatloea  braaka  doaa  lata  tba 
aqMblMS  for  bandlac  albratieaa 

1 

jr 

>'„(0)  =  rj(0)  =  r;(i)  =  o 

aad  for  teraloaal  oaelllatlaBa  taking  aecoont  of  tba  llaitad  toralooal 
dafaraaiiaa 

I 

>',(0;-r;(0)«y;(i)«o. 

Aa  aaa  ba  aaaa  fraa  aiaalMtiaa  of  tba  gaBaral  aqaatlana,  thaj  ara  qalte 
ooaplax.  lb  tba  gaBaral  mm  thaj  Matala  varlabla  aMfrialaata  aad,  aoM 
«haa  latl,  da  sat  abbalt  to  axaot  latagratlM.  Ihdir  aalvtiM  aigr  ba  fwad  Igr 

^  Batbada,  tba  poMibllitlaa  af  ahiob  laeraaM  aith  tba  maa  of  b1||b-W|iaa1ty 
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eoapat«r*.  Bj  eoaparltoo  vltb  tb*  aoMrlMl  •olvtieo  of  tbo  ooll-kaooB  oqnotleo 
of  boadlof  ia  portlol  terlrotivo  fora,  tbo  oblotloa  fivta  bj  tbo  oxpaaoloa  {9) 
io  paroforablo.  It  la  ooro  ooallx  aabjaetad  to  oaoljrala  alooo  it  oloarly 
Inolodoa  tbo  "bar*  doferaatieoa  aad  T|  • 

In  a  Borloa  of  oaaaa  of  praetloal  lapertaaoo  for  tbo  ealoalatloa  of  atatio 
dlaplaooaaata  aod  alao  tbo  fraqoaacioa  aad  font  of  tbo  froo  rlbratlaaa  tbo 
alai^lflad  oquatloaa  (■«*!)  aa/  bo  aaad.  • 

For  oaloolatieaa  «o  ala^j  ahapad  oaatilovor  platoa,  for  axai^o,  ealeolatleoa 
oa  platoa  aitb  eooataat  thlekaoaa  baring  tbo  abapo  of  parollolograBa*  tbo 
alapliflod  oquatloBa  Intograto  osaetljr* 
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yjL'GR  air  commands 

AFSC 
SCFDD 
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TDBIL 
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SSD  (SSF) 
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